INTRODUCTION
A s a consequence of collective macro-socioeconomic activities producing negative externalities and unhealthy geographies, environmental injustice causes disadvantaged families to live where environmental, social, and health risks are concentrated in what are defined as ''riskscapes. '' 1 The majority of the residents living in such riskscapes are both medically underserved and overburdened by the consequences of unhealthy housing. As a result, a disproportionate burden of housing-related hazards impact low-income persons and minorities, who are more likely to lack resources to prevent or mitigate residential problems that negatively impact health. 2 Families and children exposed to greater home-based health risk and a greater burden of disease are presented with a double disparity: disparities related to poor quality housing and poverty that contribute to greater health inequities. 3 In general there is a long term affordable housing shortage because American housing markets produce low cost housing units through a process called filtering, where existent housing units drop in cost as their relative quality falls, rather than through construction of new, lower cost units. 4 For decades most urban housing markets in the United States have failed to produce an adequate supply of quality affordable housing for low-income households. 5 This legacy of poor quality housing is a major contributing cause of environmental injustice and health inequities for many low-income American families.
Recently, the long-term affordable housing shortage has worsened as a result of the Great Recession, which resulted in high unemployment, declining rates in home-ownership, and greater disinvestment in minority and low-income neighborhoods. 6 Lower income families occupy many of the nearly 30 million American homes with structural damages, elevated levels of lead hazards, and radon or environmental contaminants that place them at risk for injuries and acute or chronic illnesses. 7 Thus, constrained by a limited supply of affordable quality housing and the limited resources that families bring to market, low-income households are systematically exposed to poor quality housing, which is a known social determinant of health and economic inequalities. 8 In addition, households of low socioeconomic status are more vulnerable to the impacts of high energy burden and, on average, pay a greater proportion of their income on residential energy, especially when compared to nonlow-income households, 13.5% versus 3.6%, respectively. 9 A high residential energy burden drives up housing costs, making them unaffordable, and often leads to increased social inequalities such as fuel poverty, utility-related debt, and poor health caused by energy and food insecurity. 10 Energy insecurity causes families to experience greater utility debt, shut-offs, and trade-offs concerning the allocation of household expenditures. 11 Many families, in particular lowincome and minority households, have been negatively impacted by an increasing housing burden caused by rising energy costs.
The Green & Healthy Homes Initiative (GHHI) addresses the lack of affordable quality housing by employing an innovative model of comprehensive home assessment and integrated interventions to both improve deteriorated housing and to use housing as a platform for improved health, economic, and social outcomes for low-income families. By incorporating proven environmental health and safety interventions (to reduce housing related-health costs of asthma, lead poisoning, and injury) with weatherization and energy efficiency measures (to reduce costly energy consumption), GHHI has demonstrated positive synergistic impacts for vulnerable populations such as children with asthma. 12 The comprehensive environmental assessment is based on the Eight Elements of a Green & Healthy Home (dry, clean, pest-free, safe, contaminant-free, well-ventilated, well-maintained, and energy-efficient) as supported by the U.S. Department of Housing and Urban Development-Office of Lead Hazard Control and Healthy Homes (HUD) and the Centers for Disease Control and Prevention (CDC) and is combined with technical energy audits to identify cost-effective weatherization measures. Implementation of the GHHI model improves the overall physical condition of homes, supports positive social outcomes by lessening housing burdens, and provides a standard to certify sustainable investments in communities in order to maintain low-cost quality housing.
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DISCUSSION
GHHI Healthy Homes Demonstration Project targets pediatric asthma problem in Baltimore
Childhood asthma has reached almost epidemic levels, presenting a disparate amount of disease burden on lowincome families in urban communities.
14 In Baltimore, disparities among the lowest income earners (household median income < $15,000 per year) and the highest income earners (household median income ‡ $75,000 per year) are persistent in childhood asthma (ratio 2.76:1). 15 Mitigating exposure to indoor asthma triggers, contaminants, and health hazards contributes to ongoing efforts to reduce chronic disease outcomes for households of low-socioeconomic status, which are disproportionately burdened by the negative effects. Social justice in the context of human health is generally equated with access to health resources and equal opportunity to a healthy life. Determinants for domestic health disparities (health outcomes that impact certain populations to a greater extent than others) have been identified and integrated into social programs, such as this project, tasked with combatting chronic disease in the U.S. 16 From 2010-2013, the HUD-funded GHHI Healthy Homes Demonstration Project targeted a population of low and very-low income children, ages 2-14, in Baltimore diagnosed with asthma. The innovation is the delivery of environmental health services to address asthma exacerbations at the primary source of the problem, the home.
Historically, Baltimore has consistently fared worse than the rest of Maryland and the nation on many health indicators such as infant mortality, heart disease, and asthma. 17 The urban environment, especially the built environment of a home, presents multiple risk factors which are known to trigger or exacerbate the asthmatic condition in children. 18 As a social determinant of health, housing deficiencies present proximal conditions that have been strongly associated with allergen sensitization and asthma exacerbation. 19 Many low-income residents in the affordable housing market are still subject to unnecessary environmental risks in the home involving exposures related to physical, chemical, biological, and design factors. 20 Deteriorated housing conditions, which often present multiple deficiencies, when coupled with low social cohesion in the neighborhood, have been found to result in significantly elevated odds of asthma prevalence. 21 The Baltimore City Health Department estimated an 18% lifetime prevalence of asthma for children in 2006, which was above the state of Maryland (13.1%) and national (12%) prevalence rates. 22 Moreover, the fact that African American residents of Baltimore have significantly higher rates (6.5 times higher compared to whites) of asthma emergency department (ED) visits identifies asthma as a health issue which is an increasing health disparity for African American children and families. 23 Under this project, GHHI delivered in-home asthma education and tailored environmental control practices, combining best practices of Healthy Homes with weatherization and energy efficiency activities to retrofit properties.
Findings GHHI Healthy Homes Demonstration Project respondents are either the parents or legal guardians of the asthmatic child. The study population consisted of 201 asthmatic children who enrolled and completed the project. Among the study population, 139 (69%) respondents completed the baseline and six month follow-up health survey. As a result, the findings in this section reflect the self-report of 139 respondents living in Baltimore City who completed a baseline assessment, received an intervention, and completed a six month follow-up interview. The survey questions cover the six-month period before the initial home visit and the six months after the intervention.
Participants were referred to the project through medical providers and community-based partners who identified children with asthma complications related to environmental factors in Baltimore city housing. Initial information was collected from the families for baseline data through interviews conducted over the phone. The baseline interviews were followed up with education at the home and comprehensive assessment, which serves to develop a scope of work for the multicomponent intervention. After the intervention was received, a six month follow-up survey interview was performed to determine any changes in the child's asthma since baseline assessment.
The baseline and six month follow-up observation results are presented in Tables 2-4. For each key outcome, Table 5 presents the mean at intake, at six months,, the mean change with standard deviation and one-sided test of the null hypothesis that the mean change is greater than 0. In Table 5 , percent reduction equals mean change divided by the mean at baseline. 
Socio-demographics characteristics of demonstration participants
The socio-demographic characteristics of survey respondents are highlighted in Table 1 . Nearly half of respondents were fairly young adults between the ages of 18 and 35; yet one-third of the respondents were over the age of 46. Moreover, the vast majority of the respondents were African American (93%), female (94%), and had attained at least a high school diploma (80%). Roughly 45% were employed, the remaining participants were either unemployed (31%), or had a different employment status such as retired, student, or homemaker (19%). Most of the respondents indicated that they were female head of household (70%), and the majority received assistance from social support agencies, including over 75% receiving food stamps.
The survey findings showed project services demonstrated positive results in significantly reducing reported asthma symptoms, use of hospital and emergency room services, and productivity losses at school and work. Table 2 presents findings that suggest education combined with multi-component interventions were effective at reducing asthma symptoms and improving asthma control. Asthma control as rated by caregiver was grouped as either controlled (well and somewhat) or not controlled (poorly and out of control). Improvements in child asthma were reported at the six month follow-up with 95% reporting child's asthma as controlled, which is a 74% reduction in those reporting not controlled. The respondents also reported fewer instances of breathing difficulties and waking at night caused by asthma symptoms at the six-month interview. In addition, respondents also indicated a significant 48% reduction in reporting that shortness of breath woke the child more than five times a night.
Asthma-related healthcare utilization
Families often use healthcare services such as calls to physicians, office visits, and pediatric emergency services to respond to their child's lack of asthma control. Table 3 shows there was an overall reduction of healthcare use post-intervention. At baseline 49% of the children had a visit to emergency room and 18% had a hospitalization. Table 5 presents the results from calculating the mean change in pre-and post-observations and percent reduction. The result shows overall utilization of healthcare services had significant reductions in mean differences. Most importantly, project participants reported reductions in the number of hospitalizations (65.5%) and emergency room visits (27.7%).
Impact of asthma on work/school life Table 4 shows at baseline, many respondents indicated that their child's asthma led to work and school life interruptions. 76% of the respondents reported missing work at least once in the past six months, while 70% of the respondents indicated their child had missed at least one day of school because of asthma complications. Subsequently, at six months post-intervention, the asthmatic child and their caregivers experienced fewer interruptions in work or school life. Table 4 shows significant increase of children never missing school due to asthma (asthma-related perfect school attendance), and 85% of caregivers never missing a day of work were achieved; while Table 5 shows an overall mean reduction of 37% for missed work days and 27% for school or day care missed.
CONCLUSIONS
The GHHI designs model programs, such as the GHHI Healthy Homes Demonstration Project, to address fractured systems, poor coordination, and cost inefficiencies that fail to address home-based environmental health hazards that exacerbate asthma and exist outside the current health system's continuum of care. Upstream investments in low-income housing have the potential for generating sustainable returns on investment and cost savings related to improved health, productivity gains, and wealth retention due to energy conservation. Improved health leads to a reduction in preventable emergency service use and direct cost savings. In 2009 in Baltimore City, the total costs tied directly to asthma were $6 million for hospitalizations (average cost $7,506) and $4.5 million for ED visits (average costs $820) for children; while in Maryland the total costs for children and adults was $26 million for ED visits and $74 million in hospitalization. 24 Direct medical costs of $100 million per year in Maryland are substantial and provide a concrete measure of how asthma morbidity affects society as well as the opportunities for improved health outcomes and corresponding cost reductions. Nationally, the annual direct health care cost of asthma is approximately $50.1 billion; indirect costs (e.g., lost productivity) add another $5.9 billion, for a total of $56.0 billion dollars. 25 The federal government estimates that energy efficiency retrofits to existing homes could lower energy use by up to 40% per unit, cutting annual greenhouse gas emissions by as much as 160 million metric tons by 2020. 26 Low-income households (less than 200% of federal poverty limit) occupy 35% of the nation's housing stock and account for 31% of residential energy consumption, which is an untapped market potential for energy savings of $13 billion. 27 A large segment of the residential housing market remains underdeveloped in terms of energy efficiency upgrades and represents a significant opportunity to revitalize communities. Finally, the integration of energy conservation with preventive measures of healthy home interventions provides a cost-effective means to stabilize affordable quality housing in low-income neighborhoods.
Healthy housing combined with energy conservation is an environmental justice issue for low-income households. Preservation of affordable quality homes is an effective means of supporting low-income families but requires the development of collaborative public and private partnerships at the local level to coordinate resources.
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